ABSTRACT
Clinical, radiological and histopathological features are necessary for the distinguishing the early DC from dilated PFFT. [2] This demarcation is necessary as their biological behaviors and management are different. DC has the potential to transform to ameloblastoma, mucoepidermoid carcinoma or squamous cell carcinoma [1, 2] while PFFT by itself has limited growth potential and has a good prognosis.
There are several hypotheses for the etiopathogenesis of DC. [3] One of the hypotheses pertains to the role of the primary cilium and its associated proteins polycystin-1 (PC1). [3] PC1, a primary cilium associated protein, is the product of gene PKD1. In addition to its suspected role in etiopathogenesis of DC, it has been associated with cystogenesis of autosomal dominant polycystic kidney diseases (ADPKD). ADPKD is an inheritable genetic condition where the gene PKD1 encoding for PC1 mapping to chromosome 16p13.3 is mutated in 85% of instances. In 15% of ADPKD, gene product of PC2 is reported to be the responsible protein.
The mechanism of formation of multiple cysts in ADPKD has been detailed in previous publications. [3] Odontoblasts express PC1 during odontogenesis. [4] However, its expression in ameloblasts or REE or in odontogenic cysts has not been investigated. The role of PC1 in ADPKD Dentigerous cyst (DC) is the second most common type of developmental odontogenic cyst. [1] DC arises by fluid accumulation between reduced enamel epithelium (REE) and tooth, and may be associated with proliferation of the associated odontogenic epithelium. Differentiating early DC from an enlarged/dilated pericoronal space is a diagnostic problem. [1, 2] In radiographs, the thin radiolucent line that surrounds the impacted or partially erupted tooth represents the position of postfunctional REE, fibrous tissue, and odontogenic rests. This tissue has been varyingly referred to as dental follicular or pericoronal or postfunctional follicular tissues (PFFT).
cystogenesis has been established [5] and its probable role in DC has been suggested. [3] This study was performed to assess the difference in immunohistochemical expression of PC1 between DC and PFFT.
MATERIALS AND METHODS
The tissues for this study were obtained from patients attending our Hospital. Follicular tissues were obtained from the tissue excised during consecutive, elective removal of impacted teeth (n = 31, maxillary/mandibular; third molars/ canines) after obtaining patient's consent. Based on eruption status, cases were classified as partially erupted (PFFT-P) and completely impacted teeth (PFFT-C). Only those impacted tooth that had ≤2.5 mm of radiological pericoronal space were included for this study as literature indicates that they are not commonly associated with any pathology. [1] Tissues that had no epithelium histopathologically were not included in the study. This study was cleared by Institutional Review Board of the institution, and patient consent was obtained. Fifteen consecutive cases of clinically, radiologically and histopathologically confirmed DC with relevant clinical and demographical details were also collected from archives. The definition of DC, as described by standard text histopathology books, was used. [6] All tissues were fixed in 10% neutral, buffered formalin, embedded, and 5 μm section were prepared and stained with hematoxylin and eosin. Histological type of epithelium (REE-lining/others), epithelial stratification (present/absent) and presence of inflammation, as per universal histopathological definitions, were recorded. The DC and PFFT epithelium were observed and recorded for basal (two cell thick layer representing the inner and outer enamel epithelium of REE) and/or presence of supra-basal cells.
Formalin fixed, paraffin embedded tissues were sectioned at 5 μm thickness, stained with PC1 mouse monoclonal antibody (Abcam, Cambridge, MA, USA), developed from bacterially expressed fusion protein against the N-terminal leucine-rich repeats domain of human PC1 (7e12) as per manufacturer's recommendation. This epitope has been reported to be specific for human polycyctin-1. [7] The Universal Horse Radish Peroxidase (HRP) Detection System (Abcam, Cambridge, MA, USA), a combination of biotin-streptavidin and hrp system was used as secondary antibody. As per manufacturer's instruction, human liver tissue sections were used as positive control [ Figure 1 ].
Polycystin-1 staining was labeled as positive when at least 10% of all lining epithelial cells exhibited staining. The staining result (as either positive/negative), localization (extracellularly as either basal/suprabasal in the tissue; intracellularly as either cytoplasmic/membranous/ nuclear) and staining intensity (nil, mild, moderate and intense) were noted for each DC and PFFT. Presence of atypical features was also noted down.
All details were entered and analyzed using Statistical Package for Social Service version 17.0 (SPSS Inc., IBM, IL, USA). Descriptive statistics and Student's Chi-square test were appropriately used. P ≤ 0.05 was taken as significant.
RESULTS
The study group had 15 DC and 31 PFFT (eight PFFT-P; 23 PFFT-C). The study group included 21 males (11 [52.4%] had DC; 5 [23.8%] each had PFFT-C and PFFT-P) and rest 25 were females [ Table 1 ]. The mean age of the study group was 28.5 ± 11.1 years. The mean age of patients with DC was 34.2 ± 14.6 years while for PFFT it was 25.7 ± 7.9 years (PFFT-P -24.4 ± 4.8; PFFT-P -26.2 ± 8.7 years). The difference was statistically significant (P = 0.046). The distribution of jaw and teeth were not significant. Epithelial stratification was observed in six cases of DC and 23 cases of PFFT (six PFFT-P and 17 PFFT-C). The difference was not statistically significant [ Figure 2a -f]. Twenty-one instances of PC1 positivity were observed among study population. Fifteen DC and seven PFFT (three PFFT-P and four PFFT-C) answered positively for PC1. The difference between them was statistically significant (P = 0.000). The difference between positive and negative staining was not significant for gender or site. All DC, 3 (37.5%) of eight PFFT-P and 4 (17.4%) of 23 cases of PFFT-C answered positive for PC1. The difference was statistically significant [ Table 2 ].
Of all PC1 positive stained cases, basal cell layer answered positive in 22 cases (15 DC, three PFFT-P and four PFFT-C). Of these only seven cases had suprabasal layer, of which six were DC and one from PFFT-P [ Table 3 ]. In all positive cases, PC1 expression was observed in exclusively cytoplasm with varying degrees of intensity. However, in isolated foci in PFFT, few cells had exclusive cell membrane staining [ Figure 2e ].
The PC1 staining was uniform in DC and positive cases of PFFT. In one case of PFFT, odontogenic rests stained positive for PC1 along with the epithelial layer. The stain appeared to be vesicular in nature and resembled that of liver sections [ Figure 3 ]. In cases where suprabasal layers staining were observed, staining was similar to that of the basal layer.
Mild staining was observed in five cases (83.3%) belonged to DC. Similarly, 66.7% of all cases with moderate staining and 57.1% of all cases with severe staining were DC. This difference was statistically significant (P = 0.000). Similarly, the difference between nil, mild and moderate staining pattern of suprabasal cell layer was also significant (P = 0.006) [ Table 3 ].
DISCUSSION
The present study was carried out to ascertain the expression of PC1 in DC and PFFT. The difference between DC and PFFT is a diagnostic dilemma, especially when the radiolucent lesion associated with impacted teeth are small. [7] PFFT are usually identified based on the radiological dimension. When the space between the tooth and the tissue is >2.5 mm, it is considered as pathological while those ≤2.5 mm is diagnosed as dilated dental follicle. There is no single, critical factor to distinguish the PFFT from DC. More commonly, dilated dental follicle has been reported as DC. [8] In normal PFFT, the epithelium often is fragmented or separated on submission to histopathological examination. This is probably because of strong attachment of the epithelium to the tooth than to the underlying connective tissue. [8] The PC1 immunoreactivity of odontogenic tissues has not been described in the literature. To best of our knowledge, this study is first of its kind to study the PC1 immunoreactivity in odontogenic tissues.
Polycystin-1 mediates protein-protein interactions, cellular adhesion, calcium-dependent carbohydrate binding, protein-protein, protein-carbohydrate interactions, Ca 2+ influx and a mechanoreceptor. [9] PC1, an integral transmembrane protein has been associated with primary cilium and is major ciliary protein. [5, 10] PC1 coated endosome-like vesicles mediate signal at cilium and probably interferes with intracellular cAMP. [11] Shh, Ptch, Wnt pathway and cAMP involve primary cilium and PC1 [5, 11] and primary ciliary apparatus is hypothesized to be associated with DC cystogenesis. [3] Normal PC1 is usually localized to epithelial cell surface membrane. [12] Cytoplasmic presence of PC1 in specialized cells is attributed to its transportation as a precursor protein or unknown or hitherto undescribed function in the cytoplasm. Few specialized human cells involved in secretion or transport of molecules and those with selected membrane domains for specific functions also express PC1 in cytoplasm. Cells that are subjected to great mechanical pressure and one that requires a high number of adhesion molecules stain more intensively for PC1. [13] It is reported that in pathological conditions such as ADPKD, PC1 expression is localized to the cytoplasm, which in normal controls, is otherwise, localized to a cell membrane. [12] In the present study, all DC epithelial cells' cytoplasm stained diffusely for PC1 as reported in the literature of ADPKD renal and extra-renal cysts. [12] [13] [14] [15] [16] Of all PFFT tissues, only 22.6% stained positive for PC1. This could also be either due to the unstable nature of mutated protein or absence of the expression of a PC1 in a sub-clone of cells [12] or could also be related to truncation of PC1, after which it becomes unstable. [7] The difference of PC1 immunoreactivity between DC and PFFT tissues was statistically significant (P = 0.000). Cytoplasmic expression of PC1 in entire DC epithelial lining indicates that the PC1 probably is associated with cystic transformation. Epithelial stratification did not appear to influence PC1 expression. The results indicate that gender and stratification did not influence the PC1 expression in between DC and PFFT.
The PC1 immunorectivity among PFFT epithelium widely varied. In certain foci, epithelial cells did not take up the stains while in certain focus, only membrane staining was observed. The observations of the present study indicate that the PC1 positive PFFT tissues may progress to DC on a longer timescale through the proliferation of a monoclonal set of cells in which PC1 gene is mutated. [5] The intensity of PC1 immunoreactivity between DC and positive PFFT epithelial tissue at the basal cell level and suprabasal level did not differ significantly. The variation in between the basal and suprabasal cell layers in all PC1 positive sections was also not significant. This indicates that there is no difference in expression between layers of epithelium both in DC and PFFT, when there is PC1 expression. The PFFT tissues are also exposed to same mechanical stresses similar to all layers of DC. Hence, it could be assumed that mechanical stress is not a contributory factor. [14, 15] Moreover, recent works have postulated a dose-dependent relationship of PC1 with the severity of ADPKD disease. [16] Exosomes have been demonstrated to be linked to PC1 expression [17] and also observed in Ameloblasts. [18] These indicate that there is a high probability that PC1 could be accumulated in DF epithelium and produce favorable predisposing to cystogenesis.
Mutations that prevent PC1's GPS cleavage, an early event in secretory pathway, also prevent its plasma membrane localization leading to cystogenesis. [19] Probably, low level PC1 mutations (spontaneous or acquired) happening during late odontogenesis, could lead to abnormal subcellular localization and quantity of PC1 leading to differential Dentigerous cyst has increased expression of α 2 β 1, particularly in basal cell layer as compared to PFFT epithelium. Increased presence of integrin α 2 subunit is reported to be associated with enhancement of stratification in DC. [20] It's downregulation is reported to cause a decrease in cell-cell adhesion resulting in desquamation of superficial cells. [20] Interestingly, downregulation of PC1 in its functional position leads to increased expression of α 2 β 1 integrin in cell surface and reduced apoptosis. [21] Ameloblasts are known specialized, secretary epithelial cell with increased adhesion requirements. They may express PC1 during active functional stage. DC lining cells are exposed to higher pressure from cystic contents. This leads to increased intercellular interactions, and higher expression of adhesion molecules to keep the lining intact. This could potentially favor increased expression of PC1. The data presented herein could not clearly delineate PC1 as a cause or effect of cystogenesis. However, the study confirms the abnormal immunohistochemical presence and expression of PC1 in cytoplasm of DC.
CONCLUSION
The relationship of renal-odontogenic apparatus has been previously postulated by this department earlier. [22] The findings of the present study indicate a possible role of PC1 in the pathogenesis and progression of DC and probably other odontogenic cysts, which need further evaluation by larger studies and using molecular techniques. The exact timing of alteration in PC1 expression in PFFT will yield clues on pathogenesis of DC as well as the biological potential of PFFT and odontogenic rests.
